One key step in the plant restoration process is the collection of seeds from the field. For the selection of source populations of target plant species for translocation purposes (reintroduction or reinforcements), several approaches are possible. A practical method involves the use of data from reciprocal transplant studies. If no direct data are available, knowledge of population genetics and the phylogeography of the target species can serve as an alternative. In this short review, we briefly propose guidelines for those collecting seeds for plant species restoration based on population genetics theory, focusing on two main questions: Where does the plant material come from and how are sources designated, and how are seeds efficiently collected from local populations? While genetic data on a larger scale (phylogeography and population genetics) are needed to form a reply to the first question, similar data on a smaller scale (fine-scale genetic structures within populations) are necessary to shed light on the second issue.
Evolutionary factors such as random genetic drift and gene flow are detected and quantified by a spectrum of formulae and models based on neutral genetic markers. If these forces affect all genes in a similar fashion, one would expect comparable effects on adaptive genetic variation as well. Similarly, populations with low levels of neutral genetic diversity would be less able to adapt to novel selection pressures, because a limited gene pool would reduce the likelihood of adaptive alleles being present in a population (Pujol and Pannell, 2008; Markert et al., 2010; Kirk and Freeland, 2011) . In reality, however, poor correlations between overall neutral heterozygosity and fitness-related traits may be in part due to the fact that several or dozens of neutral marker loci actually represent a very small part of the genome; indeed, some empirical studies have shown that variability at neutral markers (e.g., simple sequence repeats [SSRs]) may not accurately reflect the underlying genomic diversity (Väli et al., 2008) . Although neutral genetic variation is not always a "surrogate" of the amount of resilience of a population in response to stressors such as drought or diseases, it is important to note its application to infer a variety of ecological and evolutionary processes, including mating systems (selfing vs. outcrossing), inbreeding, effective population sizes, demographic events, gene flow, historical patterns of dispersal, spatial genetic structure within populations or parentage. All these have important conservation or restoration implications.
Reintroduction has become increasingly important in conservation worldwide for the recovery of rare species and restoration purposes (Maunder, 1992; Abeli and Dixon, 2016; Volis, 2016; Maschinski and Albrecht, 2017) . According to the last version of IUCN's Guidelines for Reintroductions and Other Conservation Translocations (IUCN/SSC, 2013), reintroduction is a general term that describes the intentional placement of plant material into a natural or managed ecological area. It also has a stricter definition, i.e., the release and management of a plant into an area in which it formerly occurred, but in which it is now extinct or believed to be extinct (also called reinstatement or re-establishment). Introduction is also defined as a release of a plant but outside its indigenous range. Reinforcement is an effort to increase population size or diversity by adding individuals to an existing population of conspecifics (also called augmentation, supplementation, restocking or enhancement). Translocation is the transfer (direct transportation or transplantation) of material from one part to another, either inside or outside indigenous range of a species and, thus, includes both reintroduction and introduction but also reinforcement activities. Within the guidelines, population restoration is defined as any translocation to within indigenous range, thus comprising both reintroductions and reinforcements. However, as the adaptive capacity of the focal species will tend to be higher in populations with high adaptive genetic diversity (IUCN/SSC, 2013) , for reintroductions and other translocation activities (reinforcements and introductions), it is of importance to identify populations harboring high levels of diversity. The writers of these guidelines do mention "genetic diversity" in several places in the document and, in our opinion, it is not clear whether they are assuming that levels of neutral genetic diversity are indicative of those of adaptive genetic diversity.
The importance of considering (neutral and adaptive) genetic variation in the conservation of rare plants is generally acknowledged (Falk and Holsinger, 1991; Hamrick and Godt, 1996; Rieseberg and Swensen, 1996) . In addition, the importance of considering genetic diversity in plant restoration is often discussed (Fenster and Dudash, 1994; Mistretta, 1994; Havens, 1998; Falk et al., 2001 Falk et al., , 2006 Hufford and Mazer, 2003; Volis, 2016) . As a result, various guidelines or suggestions have been proposed for the collection of propagules (mostly seeds) for plant restoration based on population genetics theory (Knapp and Rice, 1994; Center for Plant Conservation, 1996; McKay et al., 2005; Vander Mijnsbrugge et al., 2010) . As of 2011, however, there were only 20 plant species (8%) with some knowledge of genetic variation out of 249 plant species reintroductions conducted worldwide . Despite that mean survival rates of reintroduced native species are quite low (on average 52%, 19%, and 16% for survival, flowering, and fruiting, respectively), these increase significantly when there is genetic information available . Thus, although it may be difficult to exactly know how practitioners have used genetic information for their conservation implementationbecause many data are currently unpublished or in reports with restricted access, knowledge of the adaptive (if not available, neutral) genetic variation of target species is an important asset that positively influences plant reintroduction outcomes .
In this short review, we tentatively follow the assumption that neutral genetic diversity is a "surrogate" of adaptive genetic diversity and, then, using neutral genetic information, we suggest strategies of seed collection for species of conservation concern, both at larger scales (from genetic information across the geographic range, e.g., phylogeography) and at smaller scales (from fine-scale genetic structure [FSGS; the nonrandom spatial distribution of individual genotypes]) in their local populations.
Where Does Plant Material Come from and How Sources Are Designated?
There are excellent reviews about general ecological guidelines or approaches on plant conservation (Maschinski and Albrecht, 2017; Center for Plant Conservation, 2019) , the genetics of restoration (Mistretta, 1994; McKay et al., 2005; Falk et al., 2006) , and seed collection strategies (Vander Mijnsbrugge et al., 2010) . However, these studies do not focus on how to choose seed sources and how to collect them with the aid of (neutral) genetic information.
Among the genetic diversity parameters, F S T (or G S T ; a measure of among-population genetic differentiation) is important for deciding how many populations have to be conserved and which populations are candidates to be the source of restored populations. The key points of the "F S T based conservation genetics paradigm" are the following: (1) for species with "little" interpopulation divergence, fewer populations are needed to be sampled for ex situ conservation, or protected in situ; (2) in contrast, species with "high" interpopulation divergence require more extensive population sampling for ex situ conservation, or the conservation of more populations in situ; and (3) in addition, conservation managers and practitioners should collect seeds or propagules from populations that have low pairwise F S T values with the population(s) to be restored. The adjectives "little" (or "low") or "high" based solely on F S T values could be subjective when restoration managers or practitioners apply this information to the formulation of a seed-collection policy. Any such classification scheme would be somewhat artificial since F S T ranges on a continuum from close to 0.00 to about 0.70 based Seed collection with neutral genetic diversity 277 on allozyme data (J. L. Hamrick, pers. comm.) . Thus, thresholds for rating F S T as "low" or "high" can differ from one researcher to another: e.g., Wright (1951) suggests that F S T values of 0.00-0.05 represent "little" genetic differentiation and values >0.15 represent "great" genetic differentiation; J. L. Hamrick (pers. comm.) considers F S T < 0.10 as "low" and values >0.40 as "high". Thus, researchers should justify their decision on classifying F S T as "little" (or "low") or "high."
To reduce potential risks of outbreeding depression, it is important to identify ''seed zones'' (Vander Mijnsbrugge et al., 2010) , which represent areas in which historical and contemporary gene flow occur; therefore, it is expected that within the zones transfer of plant material would have no negative impact. One approach to delineate seed zones is to test seeds of different origin in common garden experiments resulting in species-specific models, which relate genetic variation to geographic and/or climatic variation (e.g., Campbell, 1991; Rehfeldt, 1995; Lindgren and Ying, 2000) . Through classical reciprocal transplant experiments it is possible to determine whether plant species under conservation concern are locally adapted at a regional scale and whether they are locally differentiated between neighboring populations (Waser and Price, 1985; Rice and Mack, 1991; Leiss and Müller-Schärer, 2001; Bischoff et al., 2006 and references therein) . However, such kind of large-scale studies (reciprocal transplant experiments) and common garden studies are too time-and resources-consuming for most researchers (Becker et al., 2006; Bischoff et al. 2006 ). Furthermore, for many species such data are lacking and the distance over which gene flow takes place is unknown. A simplified approach is the delineation of seed zones using environmental criteria such as geographical distance, climate and geomorphology, and administrative divisions by latitude, longitude, and altitude (Ying and Yanchuk, 2006; Vander Mijnsbrugge et al., 2010) . However, the borders of environmentally based seed zones are often arbitrary and it is unlikely that they reflect the real F S T of a plant species. Molecular markers such as allozymes, inter simple sequence repeats, amplified fragment length polymorphisms, and microsatellites or SSRs, chloroplast DNA (cpDNA), or mitochondrial DNA, alone or in combination, provide a relatively powerful tool that may help to delineate evolutionary significant units and/or phylogeographic groups, which provide the basis for designing "seed zones" (e.g., Vander Mijnsbrugge et al., 2003; Krauss and Koch, 2004; Krauss and He, 2006; Hubert and Cottrell 2007; Chung et al., unpubl. data (Ottewell et al., 2016) within its natural range in northeastern China and the Korean Peninsula (except North Korea) using multiple approaches (19 nuclear SSR [nSSR] loci and four cpDNA fragments). Analysis of cpDNA variation revealed four lineages that were largely but incompletely geographically disjunct. However, Bayesian clustering analysis with nSSRs revealed five groups with a strong geographical basis: the Korean Peninsula group; the Changbai Mts. group that consisted mostly of populations from these mountains plus two western populations; the "MR" group that consisted of a single population (MR) in northeast China; the Xiaoxing'an Mts. group that consisted of populations from these mountains plus the only population in the Daxing'an Mts.; and the Russian Far East group. These five regions have been considered as glacial refugia for Q. mongolica during the Last Glacial Maximum and, accordingly, they might be roughly delineated as seed zones.
A somewhat contrasting scenario is found in the woody shrub Yunnan peony (Paeonia delavayi), which belongs to "the high G Zhang et al. (2018) used nuclear SSRs, cpDNA, and ecological niche modeling in 13 populations to gain insights into its past evolutionary history and found that P. delavayi survived in either (1) macrorefugia that would have existed around the current ranges for southernmost populations, or in (2) microrefugia for the northernmost populations of Sichuan, or (3) retreated towards warmer places in southwestern China; so, a dual model seems to apply for P. delavayi (in situ persistence and retreat to refugia). As the high F S T reflected, Bayesian clustering analysis with nSSRs revealed approximately 11 genetic groups out of 13 populations: except the three populations that are supposed to have retreated into refugia in SW China and that are clustered into a single group (BOM1, BOM2, and NYI), the remaining 10 populations approximately correspond with 10 groups. These might represent distinct seed zones, and for ex situ restoration seeds could be collected from all these populations. Similar strategy should be considered for other plant species that occur in topographic complex regions in the light of the findings based on neutral molecular markers.
How Are Seeds Efficiently Collected in Local Populations?
A commonly used approach in population genetics is FSGS, that has been used to detect family structure in local populations (Chung and Epperson, 1999; Diniz-Filho and Telles, 2002; Mi Yoon CHUNG et al. Escudero et al., 2003; Torres et al., 2003; Van Rossum and Triest, 2006) . Family structure can result solely from limited seed dispersal, which may lead to genetically distinct seed shadows among maternal plants (e.g., Perry and Knowles, 1991; Berg and Hamrick, 1995; Chung et al., 2003) . Moreover, if pollen dispersal is also restricted, this could eventually cause the buildup of more intense genetic structure within populations over many generations (Linhart et al., 1981; Hamrick and Nason, 1996) . In contrast, if seeds are widely and independently dispersed, only a weak spatial genetic structure will result (e.g., Dewey and Heywood, 1988; Loiselle et al., 1995; Chung and Epperson, 2000; Chung et al., 2000a Chung et al., , 2000b .
Spatial statistical methods provide powerful tools for measuring the structure of genetic diversity within populations of target species for plant conservation biologists . Analysis of FSGS within plant populations of threatened or narrowly distributed species could be used to provide baseline information for sampling strategies for ex situ preservation of seeds in gene banks and for selecting the sites and population sizes necessary for in situ conservation (Maki and Yahara, 1997; Diniz-Filho and Telles, 2002; Chung et al., 2004) . Moran's correlogram is one of the approaches to illustrate FSGS, where the first x-axis intercept of the correlogram is considered to approximate the "patch size" (the spatial scale within which individuals have similar genetic background) or the extent of nonrandom genetic structure (Sokal, 1979) . The genetic patch width thus reflects the clustering of genetically related individuals as well as the distance at which the majority of seeds are dispersed (Sokal and Wartenberg, 1983) . It should be noted that Fenster et al. (2003) have shown that estimating the distance at which the correlogram (based on pairwise kinship coefficients) first intercepts the abscissa is sensitive to sampling scheme, calling into question the utility of comparisons made across species or across studies. Many rare species, however, are highly isolated in a scale of tens or hundreds of kilometers. If populations of rare species are sampled at the same (or similar) scales, then the "patch size" can be compared reasonably. If there is strong FSGS, then sampling should be conducted at a scale larger than the patch size to optimize sampling design by avoiding "pseudoreplication". Since many trees with high dispersal potential (e.g., oaks and pines) often exhibit a weak FSGS (Berg and Hamrick, 1995; Epperson and Chung, 2001) , this approach would be more efficient as a sampling tool for rare herbaceous plants than for common tree species . used allozyme loci, join-count statistics, and Moran's spatial autocorrelation statistics to separate the FSGS caused by clonal reproduction from that maintained in sexually reproducing individuals in a highly isolated population (a 20 × 20-m area) of the insect-pollinated, rare perennial herb Lycoris sanguinea var. koreana in southern Korea. Join-count statistics showed a significant clustering of clonal genotypes at short distances (2 m). The authors found that the population is structured on a small scale with an approximate genetic patch width of 6 m, largely due to restricted seed and pollen dispersal. To efficiently extract the genetic diversity, the authors suggested that sampling methods for seed stocks or bulbs could be optimized by collecting at 6-m intervals across the local population. Another example of conservation-oriented FSGS study was carried out with the insect-pollinated, endangered perennial herb Hanabusaya asiatica in central Korea. used allozyme loci and Moran's spatial autocorrelation statistics to estimate patch size in two local populations (35 × 60 m and 40 × 80 m). The authors found that the genetic patch width in the examined populations of H. asiatica was approximately 5-8 m. For conservation purposes, the authors suggested that, in general, the sampling of H. asiatica should be conducted at 5-8 m intervals in order to efficiently sample the genetic diversity across an entire population.
Final Remarks and Conclusions
As neutral markers would be poor "surrogates" for adaptive variation, delimitation of seed zones should also take into account habitat differences within them. In addition, we suggest to conduct FSGS separately according to habitat differences (e.g., dry vs. wet; south-facing vs. north-facing) to prevent mixing different ecotypes. If there are distinct habitat differences within seed zones, sampling within locally adapted populations is more appropriate (that is, each seed zone could be further divided into local populations), because local populations often show a home-site advantage and the introduction of non-local genotypes may have negative consequences (McKay et al., 2005; Volis, 2011 ; but see Bischoff et al., 2006) . However, conservation practitioners should be aware that populations further away but from similar habitats may be better adapted than neighboring populations showing a fairly distinct habitat (Vander Mijnsbrugge et al., 2010) .
Designing seed zones may also vary depending on the lifehistory traits. In general, as trees maintain significantly higher within-population genetic diversity and lower amongpopulation differentiation compared to herbaceous perennials and annuals, criteria for designing seed zones should be different between trees and herbs; as a general rule, thus, seeds of herbaceous plants would be collected at a much more local scale than woody plants (Chung et al., unpubl. data) . In cases of no genetic information (e.g., when phylogeographic or FSGS studies have not been carried out), it would be wise to follow "a general rule" or "a somewhat modified plan of sampling strategy": according to the Center for Plant Conservation (2019), collections of about 3,000 seeds from 50 unrelated maternal plants within a population would be enough.
To conclude, in this review we showed that phylogeographic and population genetic information could be useful for the accurate identification of "seed zones," while "patch sizes" can be estimated from moderate or strong FSGS in highly isolated populations of rare plant species (especially for herbaceous perennials and annuals). Both approaches can be used to design sampling strategies (e.g., seed sampling should be at a scale larger than the patch size in each local population) for rare and threatened plant species.
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